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In this paper, J-league player performance was evaluated using data envelopment analysis
(DEA) models to identify player characteristics from the standpoints of time played and
player similarity. For this purpose, the concepts of scale efficiency and super efficiency were
introduced to this study. Time played was used as the input and data from ten basic plays or
actions such as goals, passes, dribbles and fouls, were used as the outputs. The performance
of J-league field players was analyzed according to player position using data from the 2013
season based on the CCR (Charnes-Cooper-Rhodes) and BCC (Banker-Charnes-Cooper)
models. Characteristics were discussed in reference not only to efficiency scores, but also scale
efficiency and super efficiency scores. The suitability of player time on pitch was identified
by scale efficiency with estimation of returns to scale. Efficient players were differentiated
by super efficiency scores, and the relationship between efficient players was quantified with
regard to the characteristics of plays in the position.
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1. Introduction

Data envelopment analysis (DEA) is a method of
obtaining a relative evaluation of the efficiency of
study subjects utilizing the ratio of outputs to inputs.
This method is often used in analyzing the efficiency
of business organizations (e.g. Copper et al., 2007).
It is also used to evaluate the efficiency of teams
and players in baseball and soccer. When applied to
sports teams, DEA can evaluate efficiency in terms of
number of wins against total annual salary of players,
in other words, the efficiency of winning with lower
total annual salaries (e.g. Lewin et al., 2013). Applied
to players, DEA can evaluate efficiency according to
position in terms of successful goals, assists, passes,
and tackles against time played (Tiedemann et al.,
2011), or can rank players in terms of games played
and successful goals (Santin, 2014).

Hirotsu et al. (2012) focused on the characteristics
rather than the rank of each soccer player. They
used annual data from the J-League Division 1 (J1)
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in 2008, used time played as an input, and used
successful basic plays such as goals, passes, and
dribbles as outputs for analysis applying the Charnes-
Cooper-Rhodes (CCR) model (e.g. Copper et al.,
2007), the most basic DEA model, to extract the
characteristics of each player and indicate target
values for improvement. Their study was significant
for its attempt to extract the characteristics of
according to player using DEA to evaluate the
frequency of basic plays in combination with multiple
items. In other words, when evaluating each player
based on frequency of basic plays, not only did
they separately evaluate the frequency of successful
goals and crosses, but also the combined frequency
of both successful goals and crosses to identify the
characteristics of each player for evaluation based on
a 0 to 1 index of “efficiency.” DEA was also applied
to evaluate player similarity, which also includes
frequency of basic plays between players.

In general, team “efficiency” is calculated as a
function of cost; that is, the number of wins per year
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against total annual player salaries. Although the
analysis conducted by Hirotsu et al. (2012) used the
term “efficiency” as defined by DEA, they simply
focused on the frequency of successful individual
goals and passes during a game by defining success
as a function of the higher number of goals or
passes. In other words, considering basic plays in a
comprehensive manner, a player whose efficiency
score 1s “1” has a specific characteristic of frequency
that cannot be seen in other players.

Hirotsu et al. (2012) evaluated player
characteristics utilizing the CCR model. However,
the CCR model is based on constant returns to scale.
Evaluation requires that the ratio of frequency of
plays to time played is constant regardless of the
actual time played. If the time played doubles, the
frequency of basic plays doubles. This CCR model is
problematic due to the fact that it obtains efficiency
scores based on time played without considering the
difference of impact caused by the length of time
played between players with longer and less time
played. Hirotsu et al. (2012) also found a relationship
between efficient and inefficient players utilizing
the CCR model. However, analysis utilizing CCR
model alone can neither quantify the difference in
characteristics among players with an efficiency score
of “1,” nor find similarity in characteristics among
efficient players. Therefore, the CCR model has
limitations as an analytical method for the evaluation
of player characteristics.

To address these issues, we should employ both
the Banker-Charnes-Cooper (BCC) model and the
concept of super efficiency for analysis. BCC models
variable returns to scale, which can evaluate player
efficiency scores and scale efficiency considering
player time on pitch. This makes it possible to
analyze data that fully considers the characteristics
of each player from the standpoint of whether the
player should play more or less in the season, and
determine suitable time played for each player. This
is a completely different evaluation based on “scale
efficiency”.

The concept of super efficiency allows us to
observe the differences in characteristics of players
with efficiency scores of “1,” which allows us to
perceive similarity in characteristics among efficient
players. The concept of super efficiency allows
an efficiency score greater than 1, which Santin
(2014) also adopted. The implementation of the
concept of super efficiency makes it possible to
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efficiently quantify the similarity of efficient players’
characteristics and to evaluate the characteristics of a
player based on a combination of other players, which
could be useful in player recruitment.

This study was carried out to analyze the
performance of J1 players in terms of appropriate
time played, difference and similarity in player
characteristics based on the study by Hirotsu et al.
(2012) adopting the BCC model and the concept of
super efficiency, and to compare evaluation utilizing
the CCR model with evaluation utilizing the BCC
model and the concept of super efficiency.

2. Method
2.1. Data

For analysis in this study, we first selected data in
accordance with the study by Hirotsu et al. (2012).
We selected time played as an input, and frequency of
ten major plays such as goals and passes as outputs as
shown below.

Input (1 item): Time played

Outputs (10 items): Number of goals, assists,
passes, crosses, dribbles, tackles, intercepts,
clearances, blocks, and fouls

(Note)

Passes: Number of passes to a team player

Crosses: Number of crosses to a team player

Dribbles: Number of successful dribbles

Fouls: Difference from the maximum number
of fouls after conversion with time played
(Evaluated as a grade)

Although fouls were used as an output, it is of
greater advantage to have a lower number different
from other outputs. Therefore, we converted data
for evaluation. Hirotsu et al. (2012) set the base
number of fouls per unit time at 78 times/ 1414
minutes (0.05512 times/ min.) utilizing the data of S.
HIRAYAMA who committed the maximum number
of fouls in 2008. This study set the base number per
unit time at 53 times/ 1287 minutes (0.04118 times/
min.) by WELLINGTON from 2013 data.

We acquired 2013 J1 data aggregated by Data
Stadium Inc. and evaluated the above-mentioned 11
input and outputs for players who played more than
900 minutes according to their registered position.

Football Science Vol.13, 9-25, 2016
http://www.jssf.net/home.html



Subjects were 238 players; namely, 57 forwards
(FW), 95 mid fielders (MF), and 86 defenders (DF).
A summary of evaluation item statistics according to
their position is shown in Table 1.

FW goals, assists, passes, crosses, and dribbles in
the shaded area of Table 1 are in order of frequency,
as shown in Table 2. This shows FW characteristics.
For example, Y. OKUBO ranked top in number of
goals, and RENATO was top in number of assists
and crosses, which reveal characteristics. Utilizing
DEA, we can also identify player characteristics for
multiple items. DEA obtains better analytical results
than those acquired from frequency data.

DEA Approach to Evaluation of J-league Players

2.2. Models

As for the DEA model, we will first explain the
CCR model, followed by the BBC model and the
concept of super efficiency.

2.2.1. CCR Model

DEA allows a relative evaluation employing the
ratio of inputs and outputs. If we define “goal rate”
as the ratio of “goals/ time played,” the goal rate
equals the ratio of “time played (input)” and “goals
(output),” which evaluates player efficiency. Multiple
items can be employed as inputs and outputs in DEA.
If “passes” are added as outputs, the ratio is defined
as “time played (input)” and “u;xgoals+u,xpasses”
(output). The variables u; and u, express the weight

Table 1 Summary statistics

Position No, of Time  Goals Asists Passes Crosses Dribbles Tackles lntcfr- Clears Blocks Fouls (Foull

players ceptions Points)

FW 57  Average 19064 7.7 29 4357 12 218 190 3.1 202 225 356 (429)
SD 636.3 6.0 23 192.3 6.9 18.2 116 24 135 838 155 (239)

Max 2969 26 Al 866 29 81 67 13 56 42 79 (916)

Min 937 0 0 162 0 1 4 0 0 5 15 (0.00)

MF 95 Average 21423 23 30 916.8 95 15.1 39.6 9.1 344 428 282 (60.0)
SD 686.7 30 26 4876 9.0 173 232 59 20.1 182 145  (224)

Max 3060 21 12 2910 44 105 130 24 128 83 65 (1133)

Min 902 0 0 228 0 0 7 0 4 8 5 (15.8)

DF 86  Average 21480 15 1.1 8588 14 11 421 82 81.3 487 257 (628)
SD 6744 16 15 4132 115 10.7 193 6.0 334 180 116  (239)

Max 3060 9 8 2565 58 64 96 33 164 90 67  (109.9)

Min 910 0 0 187 0 0 10 0 10 17 5 (18.5)

Table 2 Top and bottom players in terms of goals, assists, passes, crosses and dribbles for FW

Player Goals  Player Asists  Player Passes  Player Crosses Player Dribbles
Y.0KUBO™ 26 RENATO' i1 RENATO® 866 RENATO' 29 RENATO' 81
KKAWAMATA 23 JTANAKA 11 KTAMADA 857  ChoiJung-Han 26 JUNINHO 63
YTOYODA 20 KENNEDY 7 YOKUBO™ 842 JUNINHO 23 GHO Young Cheol 61
Y 0SAKO™ 19 MSAITO! 6  LUCAS Severino 811  TTAKAGI 22 Choi Jung-Han 61
MKUDO 19 1o v+ CHO Young Cheol 791 MSAITO" 20 MSAITO* 51
RMAEDA 1
KYANO 1 HKANAZONO 0  AYANAGISAWA 195  SITO 1 YMORISHIMA 5
Choi Jung-Han 1 WELLINGTON 0  QUIRINO 185 HKANAZONO 0  HUGO 5
AKAWAMOTO 1 AKAWAMOTO 0 Radongi¢ 174 HUGO 0 KTAKETOMI 4
MMATSUHASHI 0 HUGO 0 BARE 111 TYAZIVA 0 HKANAZONO 2
GILSINHO 0 KTAKETOMI 0 TYAZIVA 162 AYANAGISAWA 0 AYANAGISAWA 1

Remarks) * Recognized as outstanding players in 2013
** Recognized as the best eleven in 2013
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of goals and passes. If an evaluator determines the
weight u; as 10 and u, to be 1 considering the goal
is ten times as important as the pass, the evaluation
scale is influenced by evaluator bias. In order to
avoid evaluator influence on DEA, we must select u,
and u, values to obtain the maximum ratio; in other
words, the highest evaluation. In such case, there
is no deviation by evaluator, and all players can be
evaluated by their most advantageous weight, which
is fair for everyone. DEA sets a player with the
maximum ratio as the standard (1) to evaluate each
player with the efficiency score of 0 to 1. If a player
cannot achieve an efficiency score of 1 even after
evaluation with the most advantageous weight, the
player is inferior to the players that had an efficiency
score of 1. The model that evaluates subjects with
such a ratio is CCR. Hirotsu et al. (2012) also
evaluated players utilizing the CCR model.

2.2.2. BCC Model and Scale Efficiency

The above-mentioned CCR model was developed
into the BCC model. We replace time played (input)
with v,;xtime played+vy, and the v; and v, values were
selected to obtain the maximum ratio for each player.
The greater the increase in the number of variables,
the greater the increase in the level of flexibility. This
can convert to the multi-input-multi-output formula
shown below. When the number of inputs is m and
the number of outputs is s, data (x;) regarding input
i (=1,2,...,m) of a subject player (j,) was multiplied
by weight (v;). Adding v, to the result yields virtual

input i v;x;.+ vy - The data (y,;) regarding the output
i=1
r (=1,2,...,s) of a subject player (j,) was multiplied by

weight (u,). It yields virtual output i Ur Yy,
r=1

Virtual output ; Ur Vrj.
Virtual input ; ViX+ Vo

Ratio=

(1)

This is the ratio in the BCC model. The BCC model
determines the suitable vy, v, and u, of subject players
to maximize (1) under non-negative conditions, and
calculates efficiency scores. In the present study, we
use one input and ten outputs; therefore, m=1 and
s=10.

The significance of adding the new variable v,
can be explained in a case of one input and output
utilizing “v,;x time played + v,” as input and “u,x
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number of goals” as output. Figure 1 shows the
relationship between time played and goals of 57
FW in J1 during 2013. Point D in Figure 1 shows
K. KAWAMATA (time played: 2503 min., number
of goals: 23), and Point C shows G. OMAE (time
played: 1207 min., number of goals: 7).

We compared CCR and BCC model ratios. The
CCR model does not consider the variable v, (i.c.
vg=0). When there is one input and one output
(m=1,s=10), formula (1) is described as shown below:

Ui Y.
VX, )

Ratio =

In this case, the player with the maximum goal
percentage (goals/ time played) is K. KAWAMATA,
who is shown as Point D, and the value equals the
inclination of a straight line obtained by connecting
the origin and Point D in Figure 1. If we set the ratio
acquired by formula (2) at I, the formula can be

. | = Uiy, L N
described as 1 = 5,75, = which is equals 1, = 3/

If we set the ratio of K. KAWAMATA as the
standard value, as shown above, v;/u; equals 23/2503,
and 0.009189. This means that the straight line
running through the origin with 0.009189 inclination
becomes the CCR efficient frontier with the maximum
goal percentage. At the point on this straight line,
the ratio shown in formula (2) is 1, which means the
efficiency value is 1.

Whereas, in the BCC model, we use the variable
vyo. When we set formula (1) as equal to 1 with one
input and one output, the formula is described as

Wiy . ! Vo
1= Vix, o which becomes yi;. = ;- x; + 3.

Xijo «

In this case, the ratio of points on the straight line
that does not pass through the original position (0,

30

25 - CCR efficient frontier gT°"
= D
S
204 P °o®
ittty ° o
15 4  BCC efficient frontiers °
° °
___________________ ee (1)
10 - ST o °
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Figure 1 CCR efficient frontier and BCC efficient frontiers
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0) becomes 1. For example, in Figure 1, the ratio of
points on the straight line that passes through Points
C and D becomes 1. The inclination of the straight
line is v,/u;=(23-7)/(2503-1207)=0.01235, and the
interception is vo/u;=-7.901. If we consider the
straight line that passes through Points A and B, the
straight line that passes through Points B and C, and
the straight line that passes through Points D and E
similarly, the points that make formula (1) equal to 1
are on a polyline that passes through Point A, B, C, D,
and E that covers all players shown in Figure 1; and
that line forms the BCC efficient frontier. In the case
of multi-input-multi-output, a boundary surface that
covers all players forms the BCC efficient frontier
although it cannot be shown in a figure here.

For example, Point T, which does not exist on the
BCC efficient frontier line, describes J. TANAKA
(time played: 2022 min., number of goals: 11). The
2022 min. point of time played on the CCR efficiency
frontier line is on the straight line that passes through
the origin (0, 0) with a 0.009189 inclination, and
shows 18.58 (=0.009189%x2022) as the number
of goals. This should be the target value for
improvement (Point P) for J. TANAKA in the CCR
model. The point on the BCC efficiency frontier line
is equivalent to 17.06 (=0.01235x2022-7.901) goals,
and this should be the target value for improvement
(reference point P’) for J. TANAKA in BCC model.
For J. TANAKA who achieved 11 goals, 18.58 is the
target value in the CCR model, and 17.06 in the BCC
model; and the ratios with the actual goals are 11/
18.58 (=0.592) (CCR efficiency score) and 11/ 17.06
(=0.645) (BCC efficiency score). In the CCR model,
only Point D forms the efficient frontier while in the
BCC model not only Point T, but also Points C and
D, whose time played are close to Point T, become
frontiers for the target value for improvement.
Furthermore, Points B and E, whose time played
are not close to Point T, are not associated with the
target value for improvement. Based on this concept
of models, the target value for improvement in BCC
model tends to be set lower than in the CCR mode;
and the efficiency score in the BCC model tends to
be greater than that in the CCR model. (This method
of calculation is thought to focus more on output than
input because the efficiency scores are calculated
from the standpoint of increasing output under the
same period of time played, and called “output-
oriented”.)

The multi-input-multi-output (output-oriented)
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BCC model, which generalizes the above-mentioned
one-input-one-output model, is formulated as
described below (e.g. Cooper et al., 2007). For an
output-oriented case, formula (3) shown below is
made by replacing the denominator and numerator in
formula (1).

m

Z} ViXj,+ Vo
=

; 3)
; UrYujo

And formula (3) is minimized in a constraint
formula as a fractional programming problem, as
shown below.

ivixi/+ Vo

—— 21 (j=1,..,n) 4)
; Uryij

u,>0 (r=1,..s) &)

vi>0 (i=l,..,m) (6)

The reciprocal of the obtained minimum value is
the efficiency score of player j,. (There is no sign
restriction such as in (5) and (6) for variable vy). In
this study, # is set for each position: 57 for FW, 95 for
MF, and 86 for DF.

In the actual calculations, a fractional programming
problem is replaced with a linear programming
problem by standardizing the denominator of formula
(3) as 1, and obtains a solution for each player j, (j, =
1, 2,...,n) as a minimization problem. The calculation
provides the efficiency score and the variables for
each player. Players with an efficiency score of 1 are
thought to be BCC efficient, and characterized by
frequency of plays. (Strictly speaking, players whose
efficiency score is 1 and O for all variables called
slacks are BBC efficient. In this study, all players
whose efficiency score is 1 are BBC efficient.)
Players who are inefficient can be compared with
players who have better characteristics.

Scale efficiency can be calculated by the formula
shown below (e.g. Copper et al., 2007).

Scale efficiency
= CCR efficiency score/ BCC efficiency score

When both CCR and BCC efficiency scores are
1, scale efficiency also becomes 1, which shows
that players perform in a suitable scale. When scale
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efficiency becomes less than 1, the scale may not be
suitable. Although we do not describe this in detail
here, according to vy we can determine the returns to
scale that will be described later.

2.2.3. Super Efficiency

The concept of super efficiency can be formulated
by removing the constraint formula regarding the
subject of evaluation for fractional programming
problems in both the CCR and BCC models. In order
to acquire the super efficiency score of player j,, it
is necessary to replace the range of j in formula (4)
with “j=2,..., n” (j,=1), “j=1, 2,... jo-1, jot1, ...,
n” (2=j,=n-1), and “j=1,..., n-1” (j,=n), which
means removing the constraint formula regarding
Jo and solving the fractional programming problem.
This removes the constraint formula that limits the
efficiency score of player j, to 1 or lower, and allows
it to be greater than 1. The concept of super efficiency
calls for calculation of the degree to which each
efficient player differs from the efficient frontier
that is formulated by other players. The greater the
player’s distance from the efficient frontier, the higher
the player’s super efficiency score becomes; and
this determines that the player has more distinctive
characteristics compared with other players.

2.3. Parameters

DEA analysis provides useful indices for player
evaluation, not only efficiency, scale efficiency, and
super efficiency, but also returns to scale, reference
set, reference frequency, and lambda value. We call
these parameters.

An explanation of returns to scale follows.
Increasing the scale to increase the efficiency score
is defined as increasing returns to scale. Decreasing
the scale is defined as decreasing returns to scale.
Maintaining the scale is defined as the constant
returns to scale (e.g. Cooper et al., 2007). In the
analysis in this study, the scale is associated with
time played, which suggests whether individual time
played is appropriate from the standpoint of utilizing
the characteristics of each player. Therefore, the
returns to scale is considered a factor in the evaluation
of players.

An explanation of reference set and reference
frequency follows. An inefficient player has a
group of efficient players, which is characterized by
greater frequency of plays, located to the direction
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in which the inefficient player’s frequency of plays
is increased. This group of efficient players is called
a reference set. The greater the degree to which an
efficient player is included in the reference set of
an inefficient player, the more that specific efficient
player becomes a target of the inefficient player
in terms of the frequency of plays. The frequency
is called the reference frequency. A player with a
high reference frequency is a player with distinctive
comprehensive characteristics. A player with low
reference frequency is a player who is not considered
to be a target for an inefficient player, which suggests
that such a player also has a peculiar or unique
play style. Therefore, reference set and reference
frequency serve as indices that identify differences in
the characteristics of efficient players.

Lambda value is a parameter that quantifies the
relationship between players. Characteristics of
efficient players and similarity in characteristics
between players can be quantified by comparison with
a virtual player with inputs and outputs obtained by
multiplying appropriate coefficients (lambda values)
by the inputs and outputs of a group of players in a
reference set. Under advantageous weights of players
such as v; and u,, frequency of play for each player
is evaluated in comparison with the virtual player.
Under the concept of super efficiency, an efficient
player is superior to the virtual player formulated by
a group of other efficient players under advantageous
weights, while an inefficient player is inferior to
this virtual player. Interpretation of lambda value is
described in Section 4 with specific results.

2.4. Statistical Analysis

Efficiency, scale efficiency, super efficiency, and
parameters were calculated using DEA calculation
software, DEA-Solver-PRO (Cooper et al., 2007)
manufactured by SEITECH. Co., Ltd. Results for
each player were provided for comparison in both
CCR and BCC models. Although Hirotsu et al. (2012)
examined the characteristics of efficient players
utilizing reference frequency, we adopted the concept
of super efficiency which differs from the reference
frequency in this study to quantify the characteristics
of efficient players and similarity between players.
We then examined the correlation between reference
frequency and super efficiency scores utilizing the
Pearson product-moment correlation coefficient as an
index to clarify the characteristics of efficient players.
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3. Results
3.1. Efficiency and Scale Efficiency

We classified players by position, and applied
formulas (3) to (6) utilizing the eleven inputs and
outputs in accordance with the method described in
Section 2. Tables 3-1 to 3-3 show the CCR and BCC
efficiency scores of each player. Table 3-1 shows
the results of the 57 FWs. Twenty-five players in the
CCR model and 38 players in the BCC model were
evaluated as efficient. As was mentioned in 2. 2. 2,
efficiency scores are evaluated in an approximate
manner in the BCC model. Therefore, 13 players
were evaluated as efficient in the BCC model, but as
inefficient in the CCR model. BCC efficiency scores
of all FW showed the same level or higher than the
corresponding CCR efficiency scores. Table 3-2 and
3-3 show results for MF and DF.

Table 3-1 to 3-3 also show scale efficiency
results. No. 1-25 CCR efficient FW players are also

DEA Approach to Evaluation of J-league Players

BCC efficient, and their scale efficiency is 1. CCR
inefficient FW players number 26 and after show the
same CCR efficiency and scale efficiency scores if
they were BCC efficient. Although no BCC efficient
FW players have scale efficiency scores of “1,” some
MF and DF players, such as No. 55 (H. TAMEDA),
in Table 3-2 are extremely close to a scale efficiency
score of “1”” (shown as 1.000).

As a reference, among FW players shown in Table
3-1, individual target values for improvement in both
the CCR and BCC models of BCC inefficient players
are shown in Table 4. It is obvious that the target
value for improvement is set lower than in the BCC
model. For example, K. WATANABE (No.32) shows
0.952 (CCR efficiency) and 0.958 (BCC efficiency).
In terms of his target value for improvement, he has
17.9 goals in the CCR model, and 17.8 goals in the
BCC model, which is slightly lower than the CCR
model. A. YANAGISAWA (No. 54) is BCC efficient,
and has the same target value for improvement in the
BCC model as the actual value.

Table 3-1 Efficiency and returns to scale: FW

No.Player CCR Eff. BCC Eff. Scale Eff. Time RTS No. Player CCR Eff. BCC Eff. Scale Eff. Time RTS
1 TYAZIMA 1 1 1 1032 CRS 30 GHARAGUCHI 0971 1 0971 2553  DRS
2 RENATO" 1 1 1 2168 CRS 31 Radongié¢ 0.960 1 0960 1257 IRS
3 QUIRINO 1 1 1 937 CRS 32 KWATANABE 0.952 0.958 0994 2602 DRS
4 T.TAKAGI 1 1 1 1670 CRS 33 CHO Young Cheo 0.948 1 0948 2673 DRS
5 JTANAKA 1 1 1 2022 CRS 34 MKUDO 0917 0.990 0926 2885 DRS
6 KKAWAMATA™ 1 1 1 2503 CRS 35 KHIRAMOTO 0.902 1 0.902 995 IRS
7 NISHIHARA 1 1 1 2843 CRS 36 Y.TOYODA 0.879 1 0879 2969 DRS
8 Choi Jung-Han 1 1 1 2418 CRS 37 WELLINGTON 0.872 0.907 0.961 1287 IRS
9 GILSINHO 1 1 1 1434  CRS 38 KYANO 0.865 1 0.865 983 IRS

10 MMMATSUHASHI 1 1 1 1246 CRS 39 KTAKETOMI 0.863 1 0863 1085 IRS

11 G.OMAE 1 1 1 1207 CRS 40 YHASEGAWA 0.862 1 0862 1027 IRS

12 M.SAITO" 1 1 1 2103 CRS 41 HKANAZONO 0.860 0874 0983 1404 CRS

13 Y.OKUBO™ 1 1 1 2967 CRS 42 MARQUINHOS® 0823 0.898 0916 2824  CRS

14 YKOBAYASHI 1 1 1 1563 CRS 43 DAVI 0817 0.820 0997 1858  CRS

15 KTAMADA 1 1 1 2419 CRS 44 CLEO 0810 0812 0997 1833 IRS

16 Y.OSAKO™ 1 1 1 2756 CRS 45 HUGO 0.802 0.907 0884 1152 CRS

17 LUCAS Severino 1 1 1 2624  CRS 46 EDNO 0.778 0.779 0998 1835 CRS

18 JUNINHO 1 1 1 2121 CRS 47 D.TAKAMATSU  0.751 0.820 0915 2047 DRS

19 KENNEDY 1 1 1 2297 CRS 48 Y MORISHIMA 0.748 0.834 0897 1402 IRS

20 SKIKUCHI 1 1 1 1844  CRS 49 AKAWAMOTO  0.738 0.763 0967 1171 CRS

21 T.TANAKA 1 1 1 1740 CRS 50 RMAEDA 0.735 0.826 0889 2587 DRS

22 NOVAKOVIC 1 1 1 2173 CRS 51 PATRIC 0.730 0.745 0979 1569 CRS

23 RNODA 1 1 1 1528 CRS 52 KIKEDA 0.719 0.824 0872 2466 DRS

24 TMINAMINO® 1 1 1 1540 CRS 53 ZLATAN 0.715 0.725 0985 2110 DRS

25 K.SUGIMOTO 1 1 1 1428 CRS 54 AYANAGISAWA 0.712 1 0712 1013 IRS

26 WILSON 0.988 1 0988 2545 DRS 55 SAAKAMINE 0.712 0.780 0913 2017  CRS

27 SITO 0977 1 0977 1289 IRS 56 BARE 0.666 0.731 0911 1436 IRS

28 H.SATO" 0974 1 0974 2905 DRS 57 SKOROKI 0.661 0.749 0882 2904  CRS

29 HOKAMOTO 0973 1 0973 1398 IRS Average 0.907 0.943 0960 1906

SD. 0.112 0.091 0.057 636
Max. 1 1 1 2969
Min. 0.661 0.725 0712 937

Remarks) * Recognized as outstanding players in 2013
** Recognized as the best eleven in 2013
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Table 3-2 Efficiency and returns to scale: MF

No. Player CCREff. BCCEff Scale Eff. Time RTS  No. Player CCREff. BCCEff Scale Eff. Time RTS
1 Y.KAKITANI™ 1 1 1 3018 CRS 49 RKAJIKAWA 1 1 1 1166 CRS
2 MIKIC" 1 1 1 2256 CRS 50 M.OGASAWARA 0.999 1 0999 2933 DRS
3 SFUJITA 1 1 1 950 CRS 51 KTOKITA 0.998 0.998 0999 1434 IRS
4 JUNG Woo Young 1 1 1 967 CRS 52 HYAMAMOTO 0994 1 0994 2554 DRS
5 YKASHIWAGI 1 1 1 2903 CRS 53 KMIZUNUMA 0.988 1 0988 1808 IRS
6 Kazu MORISAKI 1 1 1 2970 CRS 54 CARLINHOS 0.987 1 0987 989 IRS
7 TUMESAKI 1 1 1 1484 CRS 55 HTAMEDA 0.983 0.983 1000 1786 DRS
8 KKANO 1 1 1 1120 CRS 56 STOMITA 0.980 0.980 1000 2766 CRS
9 NKIKUCHI 1 1 1 1452 CRS 57 Y.MARUHASHI 0977 1 0977 2566 DRS

10 Y.OGAWA 1 1 1 2654 CRS 58 AHASEGAWA 0971 0.988 0983 2797 DRS
11 ATANAKA 1 1 1 2935 CRS 59 RNAGAKI 0.969 0979 0989 2887 DRS
12 YABE" 1 1 1 2960 CRS 60 HOTANI 0.967 1 0967 2770 DRS
13 SNAKAMURA™ 1 1 1 2963 CRS 61 YOTA 0.966 1 0966 2563 DRS
14 TYONEMOTO 1 1 1 2764 CRS 62 HISHIGE 0.965 0.966 1000 2131 CRS
15 LEO SILVA® 1 1 1 2812 CRS 63 SHYODO 0.965 1 0965 2821 DRS
16 S.YAMAGISHI 1 1 1 1206 CRS 64 Y TAKAHAGI 0.964 0.965 1000 2744 CRS
17 YENDO 1 1 1 1657 CRS 65 Y.KAWAI 0.960 0.968 0993 2543 DRS
18 T.AOKI 1 1 1 3060 CRS 66 SKANAZAWA 0.955 0.965 0990 2104 DRS
19 KNAKATA 1 1 1 1866 CRS 67 SIMPLICIO 0.949 0.951 0999 2582 CRS

20 THIRAKAWA 1 1 1 1906 CRS 68 R.OSHIMA 0.946 1 0946 955 IRS

21 KIM Min Woo 1 1 1 2932 CRS 69 H.TAKAHASHI 0.940 0.949 0991 2618 DRS

22 RYANG Yong Gi 1 1 1 2549 GRS 70 KHIGASHI 0.940 0.941 0998 2594 CRS

23 KNAKAMURA" 1 1 1 2532 GRS 71 K.SUZUKI 0934 0937 0997 2289 CRS

24 JINAMOTO 1 1 1 1758 CRS 72 NFUJITA 0933 1 0933 2596 DRS

25 MARQUINHOS P 1 1 1 1641  CRS 73 KYAMAMOTO 0932 0.943 0988 1548 CRS

26 Y.MIKADO 1 1 1 2691 CRS 74 N.TAMURA 0.930 1 0930 955 IRS

27 JFUJIMOTO 1 1 1 2195 CRS 75 KSUGIYAMA 0927 0.998 0929 2602 DRS

28 H.YAMADA 1 1 1 2698 CRS 76 THONDA 0921 1 0921 1335 IRS

29 TAOYAMA® 1 1 1 2962 CRS 77 LEANDRO D 0919 1 0919 1031 IRS

30 SNARUOKA 1 1 1 2767 GRS 78 TMARUTANI 0912 1 0912 936 IRS

31 N.SUGAI 1 1 1 1857 CRS 79 KHOSAKA 0.907 0.998 0909 1151 IRS

32 TAOKI 1 1 1 2440 CRS 80 Y.KOBAYASHI 0.907 0.951 0953 2621 DRS

33 HYAMAGUCHI™ 1 1 1 2926 CRS 81 JORGE WAGNER 0.901 0.903 0998 1752 IRS

34 TEDAMURA 1 1 1 1048 CRS 82 R.TAKEUCHI 0.899 0914 0984 1453 IRS

35 Y.TAKAHASHI 1 1 1 2764 CRS 83 MMIYAZAWA 0.885 0924 0958 1550 IRS

36 SKOBAYASHI 1 1 1 2367 CRS 84 G.SHIBASAKI 0.880 0935 0941 2972 DRS

37 DWATANABE 1 1 1 2849 CRS 85 ABARADA 0877 0.962 0912 1333 IRS

38 TNOZAWA 1 1 1 1553 CRS 86 Y.KASHIWA 0.868 0.990 0877 2934 DRS

39 RHAYASAKA 1 1 1 1182 CRS 87 TUGAJIN 0.864 0903 0957 2337 DRS

40 KTAKAYAMA 1 1 1 2772 GRS 88 N.SAKEMOTO 0.862 0976 0883 2544 DRS

41 NHANYU 1 1 1 1286 CRS 89 KMORIYA 0.860 1 0860 902 IRS

42 KNAKAMACHT* 1 1 1 2903 CRS 90 H.NISHI 0.849 0.849 1000 1570 CRS

43 DANILSON 1 1 1 2411 CRS 91 RKURISAWA 0.844 0.849 0994 1938 CRS

44 Y KIMURA 1 1 1 1874 CRS 92 TMATSUSHITA 0.833 0.854 0976 1487 IRS

45 T.TAGUCHI 1 1 1 1665 CRS 93 RODRIGO MANCHA  0.831 0853 0974 2470 DRS

46 KNOBORIZATO 1 1 1 2517 GRS 94 NNAKAMURA 0810 0.932 0870 1289 IRS

47 Han Kook-Young 1 1 1 2634 CRS 95 TMATSUURA 0.777 0872 0890 1318 IRS

48 M.YAMAMOTO 1 1 1 2820 CRS Average 0.962 0.981 0981 2142

SD. 0.054 0.038 0034 687
Max. 1 1 1 3060
Min. 0.777 0.849 0.860 902

Remarks) * Recognized as outstanding players in 2013
** Recognized as the best eleven in 2013
3.2. Super Efficiency

Tables 5-1 to 5-3 show super CCR efficiency
results by position. Table 5-1 shows super efficiency
scores of CCR efficient FW players from higher to

16

lower. Players No. 26 and after in Table 5-1 are CCR
inefficient players. Efficient frontier does not change
regardless of inclusion or exclusion of the inefficient
player himself; therefore, super efficiency and CCR
efficiency scores become equal. Table 5-2 and 5-3
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Table 3-3 Efficiency and returns to scale: DF

No. Player CCREff. BCCEff Scale Eff Time RTS No. Player CCREff. BCCEff Scale Eff Time RTS
1 HWANG Seok Ho 1 1 1 993 CRS 44 DUTRA® 0.997 1 0997 2952 DRS
2 T.OGIHARA 1 1 1 2704 CRS 45 T.SHIMOHIRA 0.995 1 0995 2625 RS
3 DNASU™ 1 1 1 2646 CRS 46 K.OI 0.995 1 0995 2912 DRS
4 HTANAKA 1 1 1 3003 CRS 47 HMIZUMOTO* 0.994 1 0994 3060 DRS
5 KOTA* 1 1 1 3033 CRS 48 T.SIMAMURA 0.993 0.999 0994 2013 DRS
6 DANIEL 1 1 1 1006 CRS 49 Y TANAKA 0.987 0.992 0995 2637 CRS
7 K.CHIBA 1 1 1 2992 CRS 50 JKAMATA 0.982 0.990 0992 2610 DRS
8 SABE 1 1 1 2700 CRS 51 TIMAI 0975 0976 1000 1900 IRS
9 DWATABE 1 1 1 1028 CRS 52 KIM Kun-Hoan 0974 1 0974 1630 IRS

10 MKAMEKAWA 1 1 1 1214 CRS 53 S.SUGANUMA 0.960 1 0960 1437 IRS
11 YKOMANO 1 1 1 3015 CRS 54 Y.FUJITA 0.959 0973 0986 2859 CRS
12 WENDO 1 1 1 1530 CRS 55 YIGAWA 0.956 1 0956 1092 IRS
13 Kim Jin-Su 1 1 1 2778 CRS 56 Y.TOKUNAGA 0.956 0.996 0959 3060 CRS
14 KHACHISUKA 1 1 1 1332 CRS 57 YEO Sung Hae 0.955 0.969 0986 2587 CRS
15 KYAMAMURA 1 1 1 1903 CRS 58 NKAWAGUCHI 0.950 0.952 0998 1821 IRS
16 TMAKINO* 1 1 1 3060 CRS 59 S.SASAKI 0.949 1 0949 2970 DRS
17 RNIWA 1 1 1 2948 CRS 60 TMASUKAWA 0.940 0.942 0997 2425 CRS
18 D.SUZUKI 1 1 1 1953 CRS 61 KKIKUCHI 0.938 1 0938 2970 DRS
19 T.SHIOTANI* 1 1 1 3049 CRS 62 TMURAMATSU 0932 1 0932 2942 DRS
20 Y.YASUKAWA 1 1 1 1922  CRS 63 KFUJIMOTO 0922 0974 0947 2464 DRS
21 KTAKAGI 1 1 1 1782 CRS 64 T.YAMASHITA" 0918 0.963 0953 2223 DRS
22 YHIRAOKA 1 1 1 2670 CRS 65 D.NISHI 0918 0935 0982 2380 CRS
23 W.SAKATA 1 1 1 2070 CRS 66 T.SAKAI 0916 0.998 0919 1147 IRS
24 NISHIKAWA 1 1 1 2339 CRS 67 JNAG Hyun Soo 0.907 0.909 0998 1946 CRS
25 JECI 1 1 1 1710 CRS 68 MINOHA 0.907 0913 0994 2055 CRS
26 TMIYAZAKI 1 1 1 1964 CRS 69 YKURIHARA® 0.906 0923 0982 2790 DRS
27 MKAKUDA 1 1 1 2295 CRS 70 Y.TSUCHIYA 0.904 0.909 0994 1699 IRS
28 LEE Kije 1 1 1 1418 CRS 71 NKONDO 0.902 0.955 0945 2790 DRS
29 SKAMATA 1 1 1 1699 CRS 72 KWATANABE 0.896 0.907 0987 1694 IRS
30 M.FUJITA 1 1 1 1102 CRS 73 KKAGA 0.894 0973 0919 1372 IRS
31 YNAKAZAWA™ 1 1 1 3009 CRS 74 TMASUSHIMA 0.892 0.895 0997 1907 DRS
32 MICHAEL JAMES 1 1 1 1169 CRS 75 MMORISHIGE™ 0.892 0.908 0983 2970 CRS
33 NAOYAMA 1 1 1 2602 CRS 76 HITO 0.892 0.949 0940 1486 IRS
34 TMAENO 1 1 1 1233 CRS 77 CALVIN JONG APIN 0.885 0.988 0896 2340 DRS
35 HWATANABE 1 1 1 1056 CRS 78 SNAKAZAWA 0.869 1 0869 1125 RS
36 KFUKUDA 1 1 1 2695 CRS 79 STAKAHASHI 0.865 0.875 0989 2854 DRS
37 WHASHIMOTO 1 1 1 1608 CRS 80 Y.SANETO 0.851 0.867 0982 1679 IRS
38 Marcus T.TANAKA 1 1 1 2350 CRS 81 TMONIWA 0.843 0.856 0985 1342 IRS
39 MWAKASA 1 1 1 1572 CRS 82 KIM Chang Soo 0.843 0.869 0970 1624 IRS
40 Y KOBAYASHI 1 1 1 2839 CRS 83 Y.YOSHIDA 0.839 0.842 0996 2155 IRS
41 RMORIWAKI 1 1 1 2796 CRS 84 STOMISAWA® 0.829 0.845 0982 2502 CRS
42 GHO Byung kuk 1 1 1 1784 CRS 85 KONO 0.770 0.805 0957 2866 DRS
43 TKOBAYASHI 0.998 1 0998 910 IRS 86 D.IWASE 0.747 0.748 0.999 1338 DRS

Average 0.958 0.972 0986 2148

SD. 0.059 0.052 0026 674

Max. 1 1 1 3060

Min. 0.747 0.748 0869 910

Remarks) * Recognized as outstanding players in 2013
** Recognized as the best eleven in 2013

show the results for MF and DF players.

Super efficiency can be calculated in both CCR and
BCC models. As a reference, super efficiency scores
utilizing the BCC model are also shown in Tables 6-1
to 6-3. QUIRINO (No. 38) has a super efficiency score
of 1 in Table 6-1; however, his reference set players
are not shown. This is because QUIRINO’s time
played is 937 minutes, the shortest among the 57 FW
players, making it impossible to form a reference set
for QUIRINO combining other players after excluding
him. (His BCC efficiency score 1 is tentatively shown
as the super efficiency score.) The same is the case for
K. MORIYA and T. KOBAYASHI in Tables 6-2 to 6-3.

Football Science Vol.13, 9-25, 2016
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3.3. Parameters

Results of returns to scale are shown in the RTS
column in Table 3-1 to 3-3. Constant returns to
scale, increasing returns to scale, and decreasing
returns to scale are indicated as CRS, IRS, and DRS
respectively. Results for the reference set, reference
frequency, and lambda value of players in the CCR
model based on the concept of super efficiency are
shown in Tables 5-1 to 5-3, and those in the BCC
model are shown in Tables 6-1 to 6-3 according to
player position.
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Table 4 Target values for improvement

Present Target(OCR) Target(BCC)
o8 §08 8 88,0 8 0 2oz 8 8 88,0 0 0 won § 08 8 b 8.0 ¢ oy
No. Player 8§ 7988355683 & ¢4 4 88§55 8 3 80§ 80 b 2T 58 § 3
0<£55,'_°*_g“oal 0<&‘“55ﬁ§“05u 0<n_‘“55,_‘“§“oﬁ“-
SOKWATANABE 17 2 661 5 17 20 4 16 19 35 179 64 695 92 378 221 42 249 284 313 178 62 690 90 360 219 42 242 213 318
34 MKUDO 19 4 5710 27 16 1 9 30 39 207 76 739 133 302 175 39 293 327 317 192 40 760 101 544 162 26 237 328 382
STWELLINGTON 3 0 219 3 6 25 1 23 19 53 34 22 320 34 93 287 43 264 253 211 33 24 308 34 128 216 38 267 243 353
42 MARQUINHOS 16 3 529 11 30 25 4 5 20 79 194 66 643 134 383 304 49 313 287 450 178 65 818 122 531 218 445 137 332 482
53 ZLATAN 6 1 852 14 27 17 % 10 18 9 86 95 713 216 547 200 42 140 326 3.1 89 76 761 193 503 318 41 138 302 388
SAAYANAGISAWA 3 1 195 0 1 & 0 0 & 18 42 27 317 61 120 112 22 94 144 84 30 10 19%5 00 10 80 00 00 80 180
SSSAKAMNE 3 4 424 5 7 13 1 3 16 45 49 56 595 136 231 323 28 449 448 296 62 51 543 163 312 284 40 410 330 207
56 BARE 411709 2 10 0 169 34 60 35 M8 135 331 154 16 240 201 03 55 44 368 123 301 186 31 209 271 %47
57 SKOROKI 135 607 6 19 10 1 14 11 7% 197 76 919 167 655 255 29 212 394 466 174 67 811 145 §0.1 222 30 187 318 505
Remark) * Recognized as outstanding players in 2013
Table 5-1 Super CCR efficiency and reference sets: FW
Super Reference
No. Player CCRES Reference set (lambda) Feensy
1 TYAZIMA 1695 NISHHARA 036 5
2 RENATO' 1620 YOKUBO™ 008 MSAOT 071 JTANAKA 019 15
3 QUIRINO 1480 KKAWAMATA™ 000 Choidung-Han 004  KENNEDY 010 Radontié 001 MMATSUHASH! 048 0
4 TTAKAGI 1408 RENATO' 054 TYAZMA 049 3
5 JTANAKA 1305 NOVAKOVIC 009 RENATO' 049 TTAKAGL 029  QUIRINO 029 18
21 TTANAKA 1027 KTAMADA 015  JTANAKA 034 GILSINHO 033  TYAZMA 021 0
22 NOVAKOVIC 1006 KKAWAMATA™ 041 ChoiJung-Han 002  JTANAKA 020 MMATSUHASHI 036 1
23 RNODA 1016 RENATO 012 MSATO* 023 GILSNHO 003 MMATSUHASHI 003  TYAZMA 010 QURNO 065 0
2 TMINAMINO® 1009 KTAMADA 000  RENATO 011 JTANAKA 034 YKOBAYASHI 020  MMATSUHASHI 0.24 0
25 KSUGIMOTO 1008 RENATO 028  MMATSUHASHI 053 QURINO 0.7 0
26 WILSON 098  YOKUBO® 030  JUNINHO 028 JTANAKA 021 TTAKAGI 038
21 81710 0977 JTANAKA 051 MMATSUHASHI 003  GOMAE 001  QURINO 021
28 HSATO' 0974 YOSAKO 00  KKAWAMATA™ 013 JTANAKA 113
29 HOKAMOTO 0973 NISHHARA 002  JTANAKA 039  YKOBAYASHI 017  TYAZMA 029
30 GHARAGUCHL 0871 RENATO 025  JUNINHO 012 JTANAKA 044 TTAKAGI 082
02 ARQUINHOS' 0823 YOKUBO™ 010 NISHHARA 027 YOSAKO™ 006  KKAWAMATA 046  RENATO" 020
53 ZLATAN 0715 RENATO' 050  JTANAKA 024 GILSNHO 032 MMATSUHASHI 007
94 AYANAGISAWA 0712 KTAMADA 010  JTANAKA 019 YKOBAYASHI 025
55 SAKAMINE 0712 RENATO* 012 JTANAKA 028 MMATSUHASH 083  QUIRINO 014
96 BARE 0686  KKAWAMATA™ 016 Choidung-Han 026  RENATO" 016 QURINO 007
57 SKOROKI 0661 YOKUBO™ 050  LUCASSeverino0ff  RENATO' 042 QURNO 04

Remarks) Correlation coefficient between super CCR efficiency and reference frequency: 0.630

* Recognized as outstanding players in 2013

3.4. Correlation between Reference Frequency
and Super Efficiency Scores

In terms of the correlation coefficients between
reference frequency and super efficiency score in the

CCR model, FW was 0.630, MF was 0.636, and DF

18

** Recognized as the best eleven in 2013

was 0.326, as shown in Tables 5-1 to 5-3. In terms
of the correlation coefficients between reference
frequency and super efficiency score in the BCC
model, FW was 0.414, MF was 0.574, and DF was
0.081, as is shown in Tables 6-1 to 6-3.
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Table 5-2 Super CCR efficiency and reference sets: MF

o, Pager CEURDE% Refrence set (amhde) E:::::E;
TYTANT 180 YEDO 12 )
2K’ 160 EOSLVA" 007 YENDO  ONT  SYAMAGKHI 148 0
3 SFUITA 135 NKKUGH 000  SYAMAGISH 083  JUNGUWooYoung009  NTAMURA 009 1§
GONGWooYourg 1286 TAOVAMA" 001 YNKADO 008 TTAGUCH 031 TUMESA 006 SFAMA 009 il
SYKASHIWAGL 1272 YTAKAHAGL 043 RYANGYongGiUOU JRAMOTO 036 YENDO 0% 18
GTTAGUCH 1016 Kezu MORISAKI 002 TYONEMOTO (016 JNANOTO 007 NKIWUHT 009 JUNGWooYoung084 SHATA 0 0
(G KNOBOREATO 1016 Kaau NORISAKT 020 TYONENOTO 002 YMKADO 008 RYANGYongGi 005 MIKC 08 KNAKATA 03 NHANW 019 0
07 Hon Kook-Young 1012 Kezu MORISAKI 002 LEOSLVA" 075 TYONEMOTO 003 NKIUGH 047 JUNGWoo Young 013 !
IBMYANANOTO 1008 Kazu NORISKKT 037 SNAKAMURA" 011 YABE 001 RVANGYongGi 020 KNAKATA 019 NAKUCH 019 JONGWooYoung003 SFUTA 0ff 0
U RKANAWA 1006 VKAKTANL 008 KanNORISAKIO12 RVANGYongGi 000  THRAKAWA 0.8 VARQUNHOSP 005  NKKUGH 008 0
S0 MOGASAWARA 0999 Kazu MORISAKI 003 YKASHIWAGI 041 TYONEMOTO 012 RYANGYongGi 024 NKKUCH 001 JUNG Voo Yourg 010

51 KTORTTA 0008  VKATAN 001 LEOSLVA" 000 YTAKAHASH 021 YOGAWA 004 NKKUCH 004  JUNGWoo'Young 059 SFWTA 01

SLHVAMAMOTO 0% TYONEMOTO 012 Hankook-Young 031 NKKUGH 073 JUNGWooYoung 037 SFUTA 000

BOKMZONOMA 0988 ATANAKA 002 KOMMinloo 010 SNARUOKA 008 YOGAWA 031 WKC 018

BCARLNHOS 0367 Kazu MORISAKI 007 TYONEMOTO 003 DANLSON 004 JKC' 009 JNANOTO 012 JONGWoo Young 009 SFWITA 007

OURKURISAWA 0844 KamuMORISAKI 029 TYONEMOTO 000 KNAKATA 012 KKANO 031 JUNGWoo Young 052

SLTHATSUSHA 0333 Kazu NORSKKL 001 SNAKAMURA” 001 YVABE 01 KMMinoo 010 TAOK 00 KNAKATA 002 KKANO 06 SFWA 010

3 RODRIGO MANCHA 0831 Kazu MORISAKI 004 TYONENOTO 013 Hanfook-Young 033 DANLSON 072 NAKUCH 050 SFAmA O

DUNNAKAWURA 0810 KauMORSAKI 02 YABE 016 LEOSLVA 022 TAOK 000 NKKUCH 007

SO THATSUURA 0777 SNAKAWURA™ 006 VKASHWAGI 013 THRAKAVA 028 VEWDO 0%

Remarks) Correlation coefficient between super CCR efficiency and reference frequency: 0.636

* Recognized as outstanding players in 2013

4. Discussion
4.1. Comparison between CCR and BCC Models

The majority of players in all positions in this study
were determined to be efficient, which is consistent
with the results obtained by Hirotsu et al. (2012).
The number of efficient players in the BCC model
was greater than in the CCR model for all positions,
which suggested that the BCC model yielded a more
comprehensive picture of player characteristics.
Although the number of efficient FW in the BCC
model was approximately 50% more than that in
the CCR model, the number of efficient MF and DF
in the BCC model was low at approximately 30%,
but more than that in CCR model. In both models,
FW showed greater standard deviation and range of
efficiency scores than MF and DF did. This suggested
FW were superior in showing differences in the
characteristics of individual players. The analysis
of 2008 data regarding the CCR model revealed a
similar tendency (Hirotsu et al., 2012), and it may be
the general tendency seen in J1 and other leagues.

Football Science Vol.13, 9-25, 2016
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** Recognized as the best eleven in 2013

4.2. Scale Efficiency and Time Played

In terms of scale efficiency in this study, time
played revealed the scale of player activities.
Therefore, we can conclude that players whose scale
efficiency was 1 had appropriate time played, and
those whose scale efficiency was less than 1 did not
have appropriate time played. Players from No. 1
to 25 in Table 3-1 are thought to have appropriate
time played because their scale efficiency is 1 and
returns to scale is CRS. WILSON’s (No. 26) BCC
efficiency was 1 and returns to scale was DRS, which
shows that he should have less than 2545 minutes
of time played. Returns to scale for S. ITO (No. 27)
was IRS, which shows that he should increase his
time played from 1289 minutes. H. KANAZONO
(NO. 41) was BCC inefficient; however, his returns
to scale was CRS, which shows that his time played
(1404 minutes) was appropriate. For BCC inefficient
players, results of their returns to scale at the target
value for improvement (reference point) on their
BCC efficient frontier line are shown in Table 3-1.
For example, H. KANAZONO is BCC inefficient
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Table 5-3 Super CCR efficiency and reference sets: DF

Suner Reference
No. Plager g Reference set larbde) -
THIANG Seoktlo 1720 THAKNO' 014 YKOWANO 013 DNASU™ OO l
1 TOGHARA 00 KO 0% RNWA 02 RMORMAK 0% 1l
NI UST THAKNO' OS5 MKAKUDA 015 HIANG SeokHo 02 1l
L HTANAKA 1489 KOTA 004 WHASHMOTO 137 MKAMEKAWA 036 |
SroTy 147 YKOANO 079 TOGHARA 023 HWANG Seok Ho 002 3
30 MYAKASA 1006 KmdrSu 000 DNASU™ 005 YYASUKAWA 074 HIANG Sedk o 000 I
IYKOBAYASH 1010 YKOMANO 040 SABE 025 TMNAZAKL 017 SKAMATA 020 DWATABE (028 0
URNORMAR 1010 THAKNO 009 TOGHARA 025 DNASU® 035 KHACHISUKA 033  MKAMEKAWA 039 0
R CHOBgurgldk 1000 TSHOTAN 008 KimdnSu 000 TOGHARA 015 VVASUKAWA 040 DANEL 008 0
A3 TKOBAYASH 099 NAOYAWA 010 JCI 021 DANEL 01
U’ 0997 YKOMANO 018 KCHBA 003 SABE 035 NISHIKAWA 001 TMAZAKL 031 SKAMATA 002  MKAMEKAWA 059
BTSHIOHRA 0385 TSHOTAN' 035 KOTA 009 KmdnSu 046
K0l 0995 TSHOTANS 005 DNASU" 003 WSMATA 03 WOl 019 DWATABE 1290 DANEL 0%
UTHMZUNOTOS 034 KCHBA 022 SABE 005 SKAMATA 03 WENDO 74 MKAMEKAWA 038
BLKM ChangSoo 0843 YKOMANO 006 HTANAKA 007 RNWA 00 Kmdn-So 013 SABE 021 WSAKATA 003 DSUZUKL 001  KYAMAMURA 000
83 Y YOSHDA 08 TSHOTANS 000 YKOMANO 016 HTANAKA 012 RANA 06 KmdnSu 000 TOGHARA 005 SABE 013 DNASU™ 005 DSUZUK 001
BESTOMSANA" 088 TSHOTAN® 035 KOTA 001 KCHBA 002 TOGHARA 001 DMASU™  0X4 WENDO 017 DWATABE 041
83 KONO 00 DNASU™ 02 NISHKAWA 007 WSAKATA 083 JECI 017 DWATABE 033
86 DINASE 0747 TOGHARA 0.8 LEEKie 000 MICHAEL JAMES 003  DANEL 080
Remarks) Correlation coefficient between super CCR efficiency and reference frequency: 0.326
* Recognized as outstanding players in 2013 ** Recognized as the best eleven in 2013
Table 6-1 Super BCC efficiency and reference sets: FW
No. Player B?}%p;f Reference set (lambda) E:eurzzze
1 TYAZIVA 2424 GILSINHO 008 GOMAE 005 KYANO 086 1
2 NISHHARA 1919 LUCAS Severino 0.11  KENNEDY 089 8
3 RENATO" 1622 YOKUBO™ 009 MSAMO' 071 JTANAKA 019 11
4 Choi Jung-Han 1546 LUCAS Severino 063  JUNINHO 035 QUIRINO 002 1
5 Y0KUBO™ 1413 MKUDO 016 Y.0SAKO 076  RENATO" 009 10
34 GHARAGUCHI 1018 YOKUBO™ 035 NISHHARA 001 CHO Young Cheol 0.15 Choi Jung-Han 028 JUNINHO 005 MSAITO® 007 JTANAKA 001  TTAKAGI 008 0
35 WILSON 1017 YOKUBO™ 038 ChoidungHan 039 RENATO" 006  JTANAKA 0.16 0
36 KSUGIMOTO 1010 RENATO' 026 GILSINHO 006 MMATSUHASHI 047  QUIRINO 021 0
3THOKAMOTO 1010 JTANAKA 022 YKOBAYASHI 017 SITO 016 GOMAE 009 TYAZIVA 036 0
38 QURINO 1000 12
39 MKUDO 0990 YOKUBO™ 067 HSATO' 000 YOSAKO 006 Choi Jung-Han 024 RENATO" 003
40 KWATANABE 0958  YOKUBO™ 029 HSATO' 000  NISHHARA 006 YOSAKO™ 031 KTAMADA 005 JTANAKA 028
41 HUGO 0807  YOKUBO™ 003 KKAWAMATA™ 001  GOMAE 052 QUIRINO 044
42 WELLINGTON 0907  NISHHARA 0.5 GILSINHO 009 KHRAMOTO 026 QUIRINO 050
43 MARQUINHOS' 0898 YOKUBO™ 043 NISHHARA 022 YOSAKO® 003 RENATO' 032
44 HKANAZONO 0874 NISHHARA 004 YOSAKO™ 047 GOMAE 035 QUIRINO 045
53 AKAWAMOTO 0763 RENATO' 002  GILSINHO 040  MMATSUHASHI 002  QUIRINO 055
54 SKOROKI 0749 YOKUBO™ 041 LUCAS Severino 021 RENATO" 025  JTANAKA 0.13
55 PATRIC 0745  KKAWAMATA 020 RENATO" 020 GOMAE 020 TYAZIMA 008 QUIRINO 031
56 BARE 0731 Choi Jung-Han 003 RENATO' 019 JTANAKA 003 TTAKAGI 019 SIT0 015 QURINO 042
57 ZLATAN 0725  NISHHARA 005 LUCAS Severino 0.13  KTAMADA 006 RENATO" 046 JTANAKA 006 GILSINHO 022

Remarks) Correlation coefficient between super BCC efficiency and reference frequency: 0.414

* Recognized as outstanding players in 2013

** Recognized as the best eleven in 2013
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Table 6-2 Super BCC efficiency and reference sets: MF
No. Player guCpCerEﬁ Refernce set (ambd) Em
1 SFITA 2019 SYAVAGSH 003  NTAMURA 08 ROSHMA  00f KNORWA 026 §
DYRARTANT 2100 SNAKANURA™ 100 §
S 196 SNAKAMURA™ 045 SKOBAYASHI 022 SYAWAGKH 039 1
JUNGWooYoung 1784 TEDAMURA 025 CARLINHOS 012 NTAMURA 013 SFUITA 022 KMORYA 021 1§
5 TAOK 1103 YABE 014 KTAKAYANA 009 HYAWAMOTO 077 §
BOKMZNOMA 1016 YOGAWA 0%  MKC' 016 YENDO 003 KKANO 009 JUNGWoo Young 09 SFUITA 017 0
§1 YKIURA 1018 TYONEMOTO 001 RYANGYongGi 002  JFUNMOTO 065 KNAKATA 007 KKANO 001 JUNG Woo Young 019 SFUUTA 008 |
62 Han Kook-Young 1013 TAQKI 000 KauNORSAKI 001  TAOVAWA' 006 [EOSLVA" 074 HYANANOTO 007 WKWUCH 012 JUNG oo Yourg 001 3
63 NFUTA 1008 TAOK 001 YKASHWAGI 022  HOTAN 023 TYONEMOTO 022 VYTAKAWASH 016 TTAGUCHI 00 JUNGWoo Yourg 005 0
64 KNORYA 100 I
GIKSUGYANA 0% TAOKI 019 YTAKAHASHL 01 HanKook-Yong 011 HYAMANOTO 005 NKKUCH  0f%
6 KTOKTA 0998 VKAKTAN® 001 HYAMAGUCH™ 000 TYONEMOTO 000 VTAKAWASH 020 YOGAWA 003 NKKUGH 004 JUNGWooYourg 080 SFUTA 0112
67 KHOSAKA 0998 YKAKTAN® 001 TAOK 005 NKKUCH 008 RKAJKAWA 008 KKANO 018 JUNGMWoo Young 017 ROSHMA 041
68 YKASHINA 0% TA 003 SNAKAMURA™ 005  HYAWAGUCH'™ 028 VKASHMAG 010 [FOSLVA 008 MKC' 04
GO AHASEGAWA 0360 HYAMAGUCH™ 005  VKASHIAGI 082  MYAMAMOTO 003 KTAKAYAMA 004 NKWUCH 007
GUTNATSUURA 0872 THRAKAWA 020 YENDO 00 TUMESAK 000 SYAVAGSH 00 LEANDROD 045 ROSHMA (M
DTMATSUSHTA 0854 KeuMORISAKI 008 LEOSLVA™ 001 TAOK 01t YENDO 021 KkANo 020 JUNGWooYourg 028 ROSHMA 001 SFUTA 009
93 RODRIGO MANCHA 0853 TAOK 000 KauMORISAKI 007 TYONENOTO 001 VTAKAHASH 005 HanKook-Young 031 HYAWANOTO 032 KNOBORZATO 009 KNAKATA 019
94 HNISH! 0B HYAMAGUCH'™ 007 MKLC' 012 MARQUNHOSP 016 NHANYU 065
05 RKURISAWA 0849 Kaau MORISAKT 025 KM MinWoo 000 KNAKAMACH' 045 iC' 000 KNAKATA 019 KKANO 006 JUNG Woo Young_035

Remarks) Correlation coefficient between super BCC efficiency and reference frequency: 0.574
* Recognized as outstanding players in 2013 ** Recognized as the best eleven in 2013

Table 6-3 Super BCC efficiency and reference sets: DF
N DM BzucpeErﬁ Reference set anta) Em
| HWANG SeokHo 6138 MFUMTA 01 DANEL 049 TKOBAVASHI 0% I
OMKAVERANA 1773 RNWA 00 TMAENO 044 HIWATANABE 022 4
STOGHARA 1705 KOTA' 03T RNWA 028 RUORMAK 010 THAENO O §
LOMASU" 189 THAKNO' 046 MKAKIDA 034 §
DYKONANO 1619 TAAKNO' O35 KOTK 044 HNANG Seok o 002 10
S0 SSUGANUMA 1006  KCHBA 007 SKAMATA 006 WENDO 03 MKAVEKAWA 016 DWATABE 032 0
BIVIGAWA 1005 TSHOTAN' 001 KCHBA 003 HWATANABE 016 DANEL 00 0
S KM Kun-Hon 1003 KCHBA 001 NISHKAWA 031 DSUZUKE 002 WENDO 033 MKAMEKAWA 001 DWATABE 028 DANEL 004 0
S TSHIOHRA 1001 TSHOTAN' 03 KOTK' 012 Kimdn-Su 040 HWATANABE 012 DWATABE 00 0
HTHOBAVISH_ 1000 !
SUTSIMANURA 0999 YKOMANO 002 SABE 000 YHRAOKA 008 NAOVAWA 039 KTAKAGL 009 WOl 01 DANEL 023
6 TSAKA! 0965 SKAMATA 021 DWATABE 082 THOBAYASH 018
O1YTOMUNAGA 0386  TSHOTAN' 016 YKONANO  OI0 YMAKAZAWA 03¢ SABE 0
BYTAAKA 080 KOT 0 KmdrSu 0 TOGKARA  OI1 YHRAOKA 009 VYASUKAWA 007 DNATABE 004 DANEL 003
S UKMATA 030 TSHOTAN' 040 KO 000 Kmdn-Su 038 WSAKATA 006 DANEL 013
SLTMONMA 085  NISHKAWA (016 WSAKATA 014 OWATABE 005 DANEL 043 TKOBAYASHI 022
BYSTOMSAWA' 085 TSHOTAN' 031 KOTA" 00 Kmdn-Su 005 TOGHARA 000 SABE 008 ONASU" (025 DMATABE 0X0
BEYYOSHDA  OBD  TSHOTAN' 003 YKOMANO 1 HTAMAKA 014 KmdnSu 006 SABE 017 ONASU™ 005 DSUZUKL 00 HASHMOTO 004 TMAENO 011 MKAMEKANA 028
83 KONO 0805 Kor 055 Kmdn-Su 001 SABE 003 YHRAGKA 028 DNASU™ 0
8 DIVASE 078 TOGHARA 018 KTAKAGL 002 WENDO 000 LEEfje 002 DANEL 078

Remarks) Correlation coefficient between super BCC efficiency and reference frequency: 0.081

* Recognized as outstanding players in 2013
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** Recognized as the best eleven in 2013
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and needs to increase efficiency to the target value
for improvement. His returns to scale at the target
value for improvement (reference point) are CRS,
and his time played is appropriate. Returns to scale
of K. WATANABE (No. 32) at his target value for
improvement (reference point) is DRS, indicating
that it is more efficient to decrease his time played.
Application of the DEA method as described above
allows us to discuss player characteristics from the
standpoint of scale efficiency.

In this study, players did not increase meaningless
passes or dribbles during games. We used data on
frequency acquired while players were playing to
win. Therefore, it is necessary to understand that
target values for improvement were not set to increase
meaningless plays for improvement in frequency, but
simply to improve their play naturally during games.

4.3. Super Efficiency and Player Similarity

We examined super efficiency and player similarity
according to individual players in reference to the
super efficiency scores, reference sets, and lambda
values shown in Table 5-1. For example, T. YAZIMA’s
super efficiency score is 1.695. This indicates that
T. YAZIMA is 1.695 times from the CCR efficient
frontier formed by 56 FW players excluding himself.
His reference set is only N. ISHIHARA. RENATO’s
super efficiency score is 1.621, and his reference
set is Y. OKUBO, M. SAITO, and J. TANAKA.
Table 3-1 shows the case without considering super
efficiency. The efficiency scores of T. YAZIMA and
RENATO and other efficient players are all 1, and
there is no difference among them. However, the
super efficiency concept could quantify the difference
in player characteristics.

The correlation between super efficiency scores
and reference sets can be examined in detail
utilizing individual player data shown in Table 7-1.
T. YAZIMA is characterized by interceptions. He
made eight interceptions during 1032 minutes (time
played). N. ISHIHARA made 13 interceptions in 2843
minutes, which was the second in interceptions per
unit time only after T. YAZIMA. Multiplying 0.3630
(=1032/2843) by time played by N. ISHIHARA
equals the same time played (1032 minutes) as T.
YAZIMA. Multiplying 0.3630 by the number of
interceptions made by N. ISHIHARA becomes
4.719 (=13x0.3630). Excluding T. YAZIMA, 1032
minutes (time played) and 4.719 interceptions, which
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were acquired by multiplying 0.3630 by those of N.
ISHIHARA, are the efficient frontiers. T. YAZIMA’s
super efficiency in this case is 1.695 (=8/4.719).

RENATO is 1.621 times away from the efficient
frontier acquired by combining Y. OKUBO, M.
SAITO, and J. TANAKA excluding RENATO.
Specifically, a virtual player with inputs and outputs
acquired by multiplying the lambda values of three
players, Y. OKUBO, M. SAITO, and J. TANAKA,
(0.0929, 0.7135, and 0.1938) is the reference point on
the efficient frontier for RENATO. Multiplying the
time played by these three players with their lambda
values provides the same amount of time played by
RENATO (2967%0.0929+2103%0.7135+2022x0.1938
=2168). Calculation of number of goals with the same
lambda values resulted in 7.401 (=26%0.0929+4x0.71
35+11x0.1938). The actual number of goals made by
RENATO was 12 and 12/ 7.401 = 1.621.

The same calculation for assists and dribbles for
three players yielded 6.784 and 49.96, respectively;
and the ratio with 11 and 81 by RENATO was 1.621
(=11/ 6.784=81/ 49.96). Excluding RENATO, Y.
OKUBO, M. SAITO, and J. TANAKA form efficient
frontiers for goals, assists, and dribbles; and RENATO
is 1.621 times away from the reference point on
the frontier, and his super efficiency score is 1.621.
On the other hand, RENATO is also characterized
as 1.621 times better than the virtual player, which
is the combination of the three players, in goals,
assists, and dribbles. According to Table 7-1, distance
regarding goals, assists, and dribbles from the origin
to the reference point in a three-dimensional space is
J7.401% + 6.784% + 49.96* = 50.96, and distance from
the origin to RENATO is +/ 122+ 112+ 812 = 82.62.
The ratio of both, which is 1.621 (=82.62/50.96), is
the super efficiency score.

T. YAZIMA and RENATO have different
reference sets, and the factors that form efficient
frontiers are also different. Therefore, the difference
between these two players is extreme. Based on T.
YAZIMA and RENATO, shown in Table 7-1, we can
identify similarity in the characteristics of efficient
players (here, similarity between T. YAZIMA and
N. ISHIHARA or similarity among RENATO, Y.
OKUBO, M. SAITO, and J. TANAKA) utilizing
reference sets and lambda values .

It is also possible, to a certain extent, to determine
the degree to which the characteristics of efficient
players evaluated by DEA model match the actual
state, and at which input and output the efficiency

Football Science Vol.13, 9-25, 2016
http://www.jssf.net/home.html



DEA Approach to Evaluation of J-league Players

Table 7-1 Input and output values and reference point

Time  Goals Asists Passes Crosses Dribbles Tackles Interceptions Clears Blocks  Fouls  Lambda
TYAZIMA 1032 3 1 162 0 b ] 8 9 18 19
NISHHARA 2843 10 9 139 5 16 67 13 29 40 5 03630
RefPoint 1032 3630 1815 2683 1815 5808 2432 4719 1053 1452 2033
RENATO 2168 12 11 866 29 81 21 2 3 33 40
YOKUBO 2967 26 4 842 4 52 8 2 12 3 37 00929
M.SAITO 2103 4 204 2 51 40 b 1 42 3 07135
JTANAKA 2022 11 11 610 19 23 13 9 24 30 19 01938
RefPoint 2168 7.401 6.784 6203 1832 4996 3180 5436 1076 3866 29.89
Table 7-2 Virtual output values

Player Goals Asists Passes Crosses Dribbles Tackles Interceptions Clears Blocks Fouls

TYAZIMA 1.00

NISHIHARA 0.18 0.58 0.24

RENATO 0.18 0.25 0.57

Y.OKUBO 0.70 0.30

M.SAITO 0.01 0.23 0.23 0.12 0.24 0.17

J.TANAKA 0.44 0.05 0.10 0.41

score | is acquired utilizing each value in the
weighted output Z} u-y,. (Hirotsu et al., 2012). Table

7-2 shows the data for T. YAZIMA and RENATO.
These values show the ratio of the contribution of
each input and output to bring the efficiency score
to 1, which makes it possible to identify player
characteristics and correlation with actual frequency.

As is shown in Table 7-2, for example, T YAZIMA
only excels in interceptions with a super efficiency
score of 1.695. This proves that he was evaluated by
the number of interceptions per time played, as was
mentioned above. Ranking second in interceptions,
N. ISHIHARA'’s goals, tackles and interceptions are
0.18, 0.58, and 0.24, respectively, indicating that
he is efficient, and made many tackles. In fact, N.
ISHIHARA was ranked top among FW players at 67
tackles for the year.

When RENATO’s goals, assists, and dribbles
against time played were 0.18, 0.25, and 0.57,
respectively, his characteristics were very distinctive.
RENATO was characterized by frequency exceeding
the virtual player who made the same number of goals
Y. OKUBO scored, assists that J. TANAKA made,
and dribbles M. SAITO made. In addition, RENATO
was ranked top among FW players at 11 assists and
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81 dribbles for the year, which proves that RENATO
was evaluated because of these facts. As shown in
Table 2, RENATO is ranked top among FW players
for passes and crosses per time played; however,
he is followed by others at a very narrow margin.
Therefore, his passes and crosses were not items that
differentiate his characteristics. Y. OKUBO is ranked
top at 26 goals, and J. TANAKA is ranked top at 11
assists (the same as RENATO).

Looking at the best eleven players and those
who were recognized as outstanding players in
2013 (J-League, 2014) from the standpoint of
a comprehensive evaluation for the year, these
players are also BCC efficient in Table 3-1, 3-2,
and 3-3. However, MARQUINHOS (No. 42, FW),
Y. TAKAHAGI (No. 64, MF), and T. YAMASHITA
(No. 64, DF) are BCC inefficient although they were
recognized as outstanding players. This is because
their characteristics were overshadowed by other
players’ performance. For example, MARQUINHOS
was inferior to the virtual player combining Y.
OKUBO, N. ISHIHARA, Y. OSAKO, and RENATO
as shown in Table 6-1. MARQUINHOS (weighted
output for goals : 0.60) was characterized by the
number of goals and as a desirable FW. BBC
model analysis did not evaluate MARQUINHOS
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as a distinctive player because there were other
excellent players in terms of the number of goals.
In terms of goals, MARQUINHOS’s target value
for improvement was to increase approximately two
more goals, as shown in Table 4.

We can see a difference between CCR and
BCC model evaluations under the concept of super
efficiency through a comparison of Table 5-1, 5-2,
and 5-3 with Table 6-1, 6-2, and 6-3. Individually,
while N. ISHIHARA is included in the reference
set based on the CCR model for T. YAZIMA, three
other players were the reference set based on the
BBC model. This shows that players included in
the reference set for an individual player differ
significantly between CCR and BCC models. This
is because BCC model evaluation is a relative
evaluation among players whose scale (here, time
played) is close, which results in the inclusion
of players whose efficiency scale is close in the
reference set. On the other hand, the CCR model does
not impose restrictions on the scale, which allows a
relative evaluation among players regardless of their
scale. This results in the formation of a significantly
different reference set. Time played by GILSINHO,
G. OMAE, and K. YANO, who were included in
the reference set of T. YAZIMA in the BCC model,
were 1434, 1207, and 983 minutes, respectively, and
relatively close to T. YAZIMA’s performance (1032
minutes). However, time played by N. ISHIHARA,
included in the reference set based on the CCR model
is 2843 minutes, and his efficiency scale becomes
significantly different.

4.4. Correlation between Reference Frequency
and Super Efficiency

Reference frequency and super efficiency score
show characteristics of efficient players. The
correlation between the two was 0.326 — 0.636 in the
CCR model. This shows that super efficiency and
reference frequency do not necessarily have a strong
correlation and that these two factors are evaluations
from slightly different viewpoints. As was described
in 2. 3, while high reference frequency identifies
differences in the characteristics of efficient players
and whether the player has comprehensive or peculiar
characteristics, super efficiency provides a relative
indication of how far the player is from other similar
players. As a result, they show that they do not
necessarily have a strong correlation
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Correlation in the BCC model was also weak at
0.574 or lower. Correlation in DF was 0.081, which
was extremely low. This was due to the fact that the
super efficiency of WANG SEOK HO (No. 1) in
Table 6-3 is extremely high. Excluding HWANG
SEOK HO, the correlation is 0.591.

Comparison of correlation between reference
frequency and super efficiency in the CCR and
BCC models, the BCC model was always low. This
may have been because the BCC model has more
flexibility in evaluation, and many players were
evaluated as efficient. However, excluding HWANG
SEOK HO (DF), the correlation was 0.591, which
was higher than that in the CCR model (0.34).
Therefore, we need to examine and discuss this more
in detail.

We concluded that evaluation using both CCR and
BCC models helped us to more broadly understand
player characteristics. We could also acquire scale
efficiency, which suggested whether a player needs
to increase or decrease time played. Furthermore, the
concept of super efficiency allowed us to quantify
the difference in characteristics of players, and to
identify similarity in characteristics between efficient
players utilizing reference set and lambda value.
Reference frequency and super efficiency scores do
not necessarily show strong correlation, but they
evaluate player characteristics from slightly different
viewpoints. This study suggested that evaluation
utilizing the BCC model and concept of super
efficiency is more useful than utilizing the CCR
model only.

5. Conclusion

We explained the evaluation of J1 player
characteristics developed from the analysis
established by Hirotsu et al. (2012) utilizing DEA.
We calculated efficiency, scale efficiency, and super
efficiency according to player position and classified
players into three groups, “increasing returns to
scale,” “decreasing returns to scale,” and “constant
returns to scale,” to examine whether the time played
by each player was appropriate from the standpoint
of utilizing their characteristics. We also quantified
the characteristics of efficient players and similarity
between players utilizing super efficiency and lambda
value. We showed that evaluations by super efficiency
and reference frequency in reference sets were
slightly different utilizing correlation coefficient.
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Utilizing DEA analysis in this study, we could
quantify characteristics of individual players as well
as evaluate various abilities of players from the
standpoint of efficiency, and expand the potential for
discovering various player abilities.

In this study, we applied the DEA method to
analyze data on inputs and outputs based on the
performance results of the year to understand
player performance, which is difficult to analyze
by simply examining data. Because it is data based,
a methodological limitation of this study is that it
cannot analyze information that cannot be seen by the
data. The interpretation of the results of the analysis
is left to the judgment of coaches.

Inputs and outputs can be changed freely according
to requirement, which allows researchers to discover
other player characteristics through changes in input
and output items, such as adding number of games
played and analyzing inputs and outputs according to
player position. We will further expand this study to
make this analysis useful to coaches. We also hope
that more analyses on soccer players utilizing DEA
will be conducted, which will promote research on
the usefulness and validity of evaluations.

[We would like to express our deep appreciation
to two reviewers who gave us precious advice. This
study was supported by Grants-in-Aid for Scientific
Research (C) of Japan (No0.26350434). The data on
J1 players used in this study was provided by Data
Stadium Inc.]

References

Anderson, T.R. & Sharp, G.P. (1997). A new measure of baseball
batters using DEA. Annals of Operations Research, 73: 141-
155.

Cooper,WW., Seiford, L.M .& Tone, K. (2007). Data envelopment
analysis: a comprehensive text with models, applications,
references and DEA-Solver software 2nd ed. New York:
Springer.

Haas, D.J. (2003). Technical efficiency in the Major League
Soccer. Journal of Sports Economics, 4: 203-215.

Hirotsu. N., Yoshii, H.,Aoba,Y. & Yoshimura, M.(2012). An
evaluation of characteristics of J-league players using Data
Envelopment Analysis, Football Science, 9:1-13.

J.League (2014). J.League Yearbook 2014, Tokyo: Asahi Shinbun
Publications.

Lewis, H.F., Mallikarjun,S. & Sexton, T.R. (2013). Unoriented
two-stage DEA: The case of the oscillating intermediate
products. European Journal of Operational Research,
229:529-539.

Opta Index Limited (2000). The Opta Football Yearbook: 2000-
2001, London: Carlton Books.

Santin, D.(2014). Measuring the technical efficiency of football

Football Science Vol.13, 9-25, 2016
http://www.jssf.net/home.html

DEA Approach to Evaluation of J-league Players

legends: who were Real Madrid's all-time most efficient
players? International Transactions in Operational Research,
21:439-452.

Tiedemann,T., Francksen,T. & Latacz-Lohmann,U. (2011).
Assessing the performance of German Bundesliga football
players: a non-parametric metafrontier approach. Central
European Journal of Operations Research, 19:571-587.

Name:
Nobuyoshi Hirotsu

Affiliation:
Graduate School of Health and Sports
Science, Juntendo University

Address:
1-1 Hiragagakuendai, Inzai, Chiba 270-1695 Japan

Brief Biographical History:

1998-2002 Ph.D. programme in Management Science at
Lancaster University

2002-2006 Japan Institute of Sports Sciences

2006- Juntendo University

Main Works:

* Hirotsu, N., Osawa, K.& Miyaji, C. (2015). Calculation of
Probability of Winning and Number of Games Played for
Various Tournament Formats of the World Baseball Classic.
International Journal of Computer Science in Sport, 14(1): 87-101.

* Hirotsu, N.& Bickel, E.(2014). Optimal batting orders in run-
limit-rule baseball: a Markov chain approach. IMA Journal of
Management Mathematics, doi:10.1093/imaman/dpu024.

 Hirotsu, N., Yoshii, H., Aoba, Y. & Yoshimura, M.(2012). An
evaluation of characteristics of J-league players using data
envelopment analysis models. Football Science, 9: 1-13.

Membership in Learned Societies:

» The Operations Research Society

» The Operations Research Society of Japan

« Japan Statistical Society

« Japan Society of Applied Statistics

* The Behaviormetric Society of Japan

« Japan Society of Physical Education, Health and Sport Sciences
« Japan Society of Physical Fitness and Sport Medicine

* Japanese Academy of Budo

25



